Abstract. The precise mechanism for the formation of magnetic islands in the magnetotail and the subsequent evolution are still controversial. New investigations have provided the first observational evidence of secondary reconnection in the earthward outflow jet of primary reconnection in the magnetotail. The secondary reconnection takes place 38 c/ω pi earthward from the primary reconnection site and results in the birth of a magnetic island observed. This generation mechanism is different from the widely used model of multiple reconnection X-lines. The duration of the secondary reconnection was approximate one ion gyration period (5 s). The observations resemble recent numerical simulations where magnetic reconnection could spontaneously and transiently happen in the outflow jet, called secondary reconnection, which was used to explain the formation of the dipolarization fronts. Coincidentally, another magnetic island moving earthward passed through three satellites successively. By this chance we find the magnetic island was accelerated towards Earth with an acceleration of about 9 km s −2 at −19 R E in the magnetotail.
Introduction
Bipolar signatures in the component of the magnetic field normal to the current sheet are frequently observed in the magnetotail (e.g. Sharma et al., 2008; Imber et al., 2011) and the interplanetary space (e.g. Lepping et al., 1990; Steed et al. 2008; Wang et al., 2011) . They can be interpreted as plasmoids (e.g. Hones, 1977; Baumjohann et al., 1990) , magnetic islands (Schindler, 1974) , magnetic flux ropes (Birn et al., 1989; Slavin et al., 2003; Kiehas et al., 2012 Kiehas et al., , 2013 , night-side flux transfer events (Sergeev et al., 1992; Sormakov and Sergeev, 2008; Runov et al., 2008) , or dipolarization fronts (Nakamura et al., 2002; Ohtani et al., 2004; Runov et al., 2009 Runov et al., , 2011a Schmid et al., 2011) in the magnetotail. These magnetic structures play an important role in mixing plasma and accelerating as well as transporting energetic particles (Nakamura et al., 2006; Retinò et al., 2008; Chen et al., 2008; Wang et al., 2010a, b; Fu et al., 2011; Wu et al., 2013) . The birth of all such magnetic structures is thought to be closely associated with magnetic reconnection, but the precise details are different.
The model of multiple reconnection X-lines is generally used to explain the formation of plasmoids, magnetic islands, and magnetic flux ropes (Schindler, 1974; Lee and Fu, 1985; Slavin et al., 2003; Huang et al., 2012) . In this model, magnetic reconnection occurs simultaneously at several points within the current sheet. Thus, such magnetic structures could be created between any two adjacent reconnection X-lines. Plasmoids are originally proposed to denote the closed magnetic loop between the near and distant neutral lines in the magnetotail (Hones, 1977) , and are thereby driven tailward due to the pressure gradients and magnetic field tension. The later investigations confirm that the plasmoids can be observed in the mid-tail as well, with a smaller size , ∼ 10 Earth radii (R E ), and sometimes move earthward (e.g. Zong et al., 2007) . In addition to the large scale plasmoids, the small scale (∼ 0.5 R E ) magnetic islands or magnetic flux ropes are investigated recently (e.g. Slavin et al., 2003; Deng et al., 2004; Henderson et al., 2006; Wang et al., 2012) . This kind of small scale magnetic islands or magnetic flux ropes can be produced by the breakup of an extended electron current layer within the ion diffusion region of a single reconnection X-line as predicted by numerical simulations (Daughton et al., 2006 (Daughton et al., , 2011 Huang et al., 2011) . Such small scale structures have been shown to exist near the centre of the ion diffusion region by Wang et al. (2010a, b) . After their birth, they are ejected away from the ion diffusion region and propagate together with the ion bulk flow (Eastwood et al., 2007; Teh et al., 2010) .
The term of "night side flux transfer events" was introduced by Sergeev et al. (1992) to indicate the impulsive events in the magnetotail with the similar feature to the dayside Flux Transfer Events (NFTEs). Contrary to the plasmoids and magnetic islands, the NFTEs have a locally open magnetic structure and are regarded as a result of fast pulsed reconnection Sormakov and Sergeev, 2008) . Because of the pulsed reconnection, the resulted burst outflow will compress the background magnetic field in both earthward and tailward sides of reconnection X-line and bend the magnetic field towards the lobe region (e.g. Fig. 11d of Runov et al., 2008) . As a consequence, an asymmetric bipolar (unipolar) B z signature will be observed if the spacecraft travels the NFTEs away from (near) the neutral sheet . Based on the formation mechanism, energetic electrons only appear in the reconnected magnetic tube whereas no energetic electrons distribute in the compressed background magnetic tubes, which have been verified recently Sormakov and Sergeev, 2008) .
Dipolarization fronts (DFs), generally embedded within the ion high speed flow, are characterised by a sharp increase of the northern magnetic field (B z ) and preceded by a much smaller negative dip of B z (Nakamura et al., 2002; Ohtani et al., 2004; Runov et al., 2009; Runov et al., 2011a, b) . The DFs have been extensively explored by recent Cluster and THEMIS observations. They, propagating earthward, show a relative stable structure for at least several minutes and energize particles to high energy in this process (Runov et al., 2009) . They are directly related to magnetospheric substorm and make major contributions to substorm onset ground and space magnetic signatures also (e.g. Ge et al., 2012; Runov et al., 2011b) . Numerical simulations suggest the spontaneous and transient magnetic reconnection could occur in the earthward outflow region of the tail-like configuration produced by the initially primary reconnection (Divin et al., 2007) . The transient reconnection occurring in the outflow of primary reconnection X-line is called secondary reconnection . The scenario of secondary reconnection in the outflow of primary reconnection is believed to be the generation formation of the DFs Runov et al., 2011b) . In this letter, we studied three magnetic islands observed in the earthward side of one reconnection X-line in the nearEarth tail. The formation of such islands cannot be simply explained by the aforementioned model of multiple reconnection X-lines. The scenario of secondary reconnection in the outflow jet of primary reconnection, used to interpret the formation of the DFs, is more suitable to explain the formation of the observed islands.
Observations and analysis
We used magnetic field, ion plasma, and electric field data from the Flux Gate Magnetometer (FGM) (Balogh et al., 2001) , the Cluster Ion Spectrometry (CIS/CODIF) (Rème et al., 2001) , and the Electric Field and Wave Experiment (EFW) (Gustafsson et al., 2001 ) instruments, respectively. The electron energy-time spectrum data between 10 eV and 23 keV and the high energy (> 40 keV) electron flux data are taken from the Plasma Electron And Current Experiment (PEACE) (Johnstone et al., 1997) and the Research with Adaptive Particle Imaging Detectors (RAPID) (Wilken et al., 2001) , respectively. Figure 1 shows an overview of the reconnection event observed at ∼ 19 R E in the magnetotail. Figure 1a represents the schematic illustrator for this event. B z and B y at C1 and C2 (C3 and C4) are presented in Fig. 1b and c (1d and e), respectively. B x at four satellites and x component of the high speed bulk flows at C1, C3, and C4 are shown in Fig. 1f and g, respectively. The black, red, green, and blue colours correspond to C1, C2, C3 and C4, respectively. The data is displayed in Geomagnetic Solar Magnetospheric (GSM) coordinates. The minimum variance analysis (MVA) was applied to this whole interval (Sonnerup and Scheible, 1998) , the local current coordinates is very close to the GSM coordinates. So, the GSM coordinates is used through this paper except otherwise stated . In this interval, Cluster crossed a reconnection diffusion region from tailward to earthward and then passed through its earthward part from south to north (Fig. 1a) . The ion diffusion region is identified based on the highly correlated reversals of B z and V px , the clear quadrupolar Hall magnetic structure (Fig. 1c of Wang et al., 2012) , and energetic particles (not shown here). More details could be found in Wang et al. (2012) . During the earthward crossing of the ion diffusion region, the north-south asymmetry caused by the addition of guide field is recognised . The effect of a strong guide field on magnetic reconnection has been reported by Nakamura et al. (2008) . Here, we primarily concentrate on three bipolar magnetic signatures with sign change observed by C2 and C1 in the central plasma sheet (10:07-10:09 UT, Fig. 1b ). The reconnection was continuing while the bipolar signatures were observed from 10:04 to 10:10 UT. So, the northward reconnected magnetic field component B z was persistently observed (Fig. 1b and d ) and the average value was about 4 nT.
An expanded view of the three bipolar signatures is displayed in Fig. 2 . From top to bottom, (a) electron densities and (b-d) three components as well as (e) magnitude of magnetic field at C1 (black) and C2 (red), (f) plasma beta and ion pressure at C1, and electron energy-time spectra at (g) C2 and (h) C1 are presented. The three bipolar signatures are named Fr1, Fr2 and Fr3, respectively, and the three vertical dashed lines within the bipolar signatures correspond to the points of B z = 0. It can be seen that B z rotated from south to north for each perturbation. All three B z perturbations exhibited asymmetric feature with the negative amplitude smaller than the positive amplitude. The plasma density had a significant enhancement as well at all three B z perturbations, even an evident density peak at Fr1 and Fr3. The magnitudes of the magnetic field had local maxima at Fr1 and Fr2 also. 10:08:40 UT and displayed a small localised peak within Fr1 and Fr2. Based on these observations, the measured three bipolar signatures are consistent with the observations of magnetic islands or magnetic flux rope-like moving earthward (Slavin et al., 2003; Wang et al., 2012) . Moreover, the electron fluxes were intensified in all three bipolar signatures. As for Fr1, the fluxes of electrons between 300 eV and 4 keV (Fig. 2g) were significantly enhanced while no flux enhancement was observed by C1 ( Fig. 1h) grazing Fr1 from its southern edge. The high energy electron fluxes (∼ 40.7 keV) show a similar distribution ( Fig. 5c and d) . The enhancement of the electron fluxes from 300 eV to 40 keV indicates electrons are trapped within the magnetic structure. In other words, it should not be the night side flux transfer event but a magnetic island or magnetic flux rope-like. The similar enhancement of the electron fluxes are also measured inside , and (e) magnetic field magnitude |B| at C1, C2, and C4, (f) electric field E y in the spacecraft spin coordinates from C2, and (g) electron differential energy fluxes from C2 at three directions (0 • , 90 • , and 180 • ) are presented. The energy of the electron fluxes is between 300 eV and 6 keV. In order to separate the three curves in (d), the blue and black curves are shifted up and down 6 nT, respectively. Please note that both blue and black curves were above zero horizontal dashed line (B z > 0). The data around Fr2 are shown in the same format in (h)-(l). Because Fr2 were observed by C1, E y and electron fluxes at C1 are represented in (k) and (l), respectively. Again, the blue curve in (i) are moved up 6 nT. The small sine fluctuations of E y in (k) are formed due to the failure of probe 1 onboard C1. The data gap in Fig. 3g and l means no data collected. magnetic islands. In the next section, we will mainly analyse the first two observed magnetic structures Fr1 and Fr2. The relative positions of the four satellites in the y-z and x-z planes at 10:07 UT are shown in Fig. 3a and b, respectively. The data associated with Fr1 and Fr2 are shown in Fig. 3c-g Figure 3g -l show the data around Fr2 observed by C1 in the same format. Therefore, the electric field E y in Fig. 3k and electron fluxes in Fig. 3l are taken from C1. In order to separate the three curves in Fig. 3d , the blue and black curves are shifted up and down 6 nT, respectively. The most used approach for the inference of the orientation of the magnetic island/magnetic flux rope is the minimum variance analysis (MVA) method. The MVA method was individually applied to the magnetic field at C2 and C1 to obtain the orientations of the magnetic structures Fr1 and Fr2. As has been pointed out by Xiao et al. (2004) , the axis of the non-force free magnetic flux rope can either be in the L direction, or in the M direction depending on the spacecraft trajectory relative to the core region. For X < 2 (2 < X < 5), the L (M) direction from MVA represents the axis of the magnetic flux rope, where X denotes the closest distance between the spacecraft trajectory and the axis. In this event, the Lorentz forces around both ropes Fr1 and Fr2 are large ( Fig. 5b and f) . Hence, they are non-force free flux ropes. The MVA results for Fr1 and Fr2 are displayed in Tables 1 and 2 , respectively. The three components of magnetic field in the LMN coordinates are presented in Fig. 5a and e. The bipolar signatures are still very clear in the LMN coordinates. The B x average value was about −5 nT (Fig. 2c) while the spacecraft C2 encountered Fr1. Namely, the spacecraft crossed its central region. So, the orientation of Fr1 was mainly along the L direction, (−0.19, 0.97, −0.16), close to the y axis in the GSM coordinates. As for Fr2, The B x average value was about −9 nT while C1 crossed it. Contrary to the results from Fr1, the L direction corresponds to the x direction in the GSM coordinates. Thus, it is impossible that the orientation of Fr2 was mainly along the x direction. So, we interpret the M direction was the orientation of the magnetic flux rope Fr2, i.e. the spacecraft trajectory belonged to 2 < X < 5. Based on the analysis, the orientations of the two magnetic flux ropes were both mainly along the y direction of the GSM coordinates. So, we chose the GSM coordinates to describe the ropes finally.
It is evident from B x (Fig. 3c ) that as Fr1 was observed by C2 in the Southern Hemisphere (B x ≈ −5 nT), C4 and C1 were situated in the Northern and more Southern Hemisphere, respectively (B x ≈ 7 nT at C4 and −12 nT at C1). This is in accordance to the spatial location of the three satellites in x-z plane shown in Fig. 3b . The separations in z direction between C4 and C2 and between C2 and C1 were about 1221 km and 516 km at the moment, respectively. C4 was located farthest away from Earth while C1 was closest to Earth (Fig. 3b) . C2 was located between C1 and C4. It is evident from Fig. 3d that, before and after Fr1, C4 and C1 both measured one south-then-north B z perturbation at ∼ −6 s and ∼ 6 s since 10:07:00 UT, respectively. For both small perturbations, magnetic field was intensified (Fig. 3e ). These two small B z bipolar signatures observed by C4 and C1 just before and after Fr1 are in good agreement with the observation of travelling compression region (TCR) (Slavin et al., 1984) and called TCR1 and TCR2 respectively. The south-then-north perturbations suggest they are caused by an earthward moving structure. While C2 observed the leading edge of Fr1, C4 detected the trailing edge of the TCR1. While C2 entered into the trailing part of Fr1, C1 began to observe the leading edge of the TCR2. That is to say that at least two satellites measured the perturbation simultaneously for the whole travelling. So, we interpret all the three perturbations in Fig. 3d are caused by one magnetic flux ropes moving earthward. As Fr1 was moving earthward, only C2 penetrated into the flux rope while C4 and C1 just passed separately its northern and southern edges. A schematic is shown in the top panel of Fig. 4 . Accordingly, the height of the flux rope Fr1 was comparable to the distance between C4 and C1 in z direction (1737 km).
Using the "time of flight" of the flux ropes across the three satellites, we can estimated the Fr1 velocity in x direction. The times corresponding to the minimum values of the bipolar B z signatures were used. The average velocity of Fr1 between C4 and C2 is V 4,2 = x 4,2 /t 4,2 = 1839.4/4.42 ≈ 416 km s −1 , x 4,2 , t 4,2 are the distance and time delay between C4 and C2. Similarly, the average velocity of Fr1 between C2 and C1 was V 2,1 = x 2,1 /t 2,1 = 2286.3/5.0 ≈ 457 km s −1 . The average velocity of Fr1 between C2 and C1 was larger than that between C4 and C2. It might mean that the magnetic flux ropes did not move earthward evenly. Assuming it was uniformly accelerated motion, the acceleration was assessed, a = 2×(V 2,1 −V 4,2 )/(t 4,2 +t 2,1 ) ≈ 9 km −2 . This acceleration of magnetic island has never been obtained by the spacecraft before. Using the times of the maxima of the bipolar B z signatures, we get the similar conclusion and the acceleration was about 7 km m −2 . At 0 s in Fig. 3d , C1 was encountering the leading edge while C4 was right staying in the trailing edge of Fr1. Hence, the Fr1 scale in x direction was comparable to the separation between C4 and C1 in x direction (4126 km). Then, the aspect ratio of Fr1 was about 0.4. Based on the analysis above, Fr1 was squeezed in z direction and might be accelerated towards Earth with an acceleration of about 9 km s −2 . This conclusion is based on the assumption that the minimum/maximum values of the bipolar B z signature make up a planar structure in y-z plane or a symmetric structure between the Northern and Southern Hemispheres. Obviously, the assumption will cause an error of the calculation of the acceleration. However, the consistency between the estimations of the the acceleration and the force exerted on the magnetic structure Fr1 (discussed later) indicates the calculation of the acceleration is basically right. After the observation of Fr1, C2 stayed in the central plasma sheet (|B x | < 5 nT) for about 40 s (Fig. 2c) . Meanwhile, C1 in the Southern Hemisphere was approaching the central plasma sheet. During this process, C2 did not observe any other flux ropes again (Fig. 2b) . The unexpected finding, however, is that C1 observed another magnetic flux rope of Fr2 moving earthward at about 10:07:40 UT. B x at C1 was about −9 nT while Fr2 was observed whereas |B x | at C2 was less than 5 nT between Fr1 and Fr2. In other words, C2 was closer to the central plasma sheet than C1. If this flux rope was really ejected from the primary reconnection X-line in the tailward side of both satellites, it should have been observed firstly by C2 and then C1. One explanation for this observation of Fr2 is that the observed Fr2 was a night side flux transfer event with a localised open structure.
R. Wang et al.: Evidence of transient reconnection in the outflow jet of primary reconnection site
Thus, C1 away from the neutral sheet detected a bipolar B z signature whereas C2 near the neutral sheet measured the unipolar B z enhancement at about −4 s since 10:07:42 UT (Fig. 3i) , like the observation reported by Runov et al. (2008) . If so, however, the amplitude of B z variation observed by C2 and C1 should be nearly equal. The fact is that the amplitude of B z variation at C2 was about 5 nT while the amplitude observed by C1 was about 15 nT (Fig. 3i) . On the other hand, if Fr2 was really one night side flux transfer event, C2 would observe a sharp increase of energetic electrons in the reconnected magnetic flux tubes, i.e. the B z enhancement region. However, no significant intensification of electron fluxes from low energy (Fig. 2g) to high energy (Fig. 5h) was detected there. The flux bulge resulting from time-dependent reconnection could be used also to explain the observed Fr2 (e.g. Beyene et al., 2011) . In this scenario, the spacecraft away from (within) the central plasma sheet will observe an asymmetric bipolar B z signature (a unipolar enhancement of B z ), and no core magnetic field is expected inside the flux bulge. Moreover, because the flux bulge is formed inside the plasma sheet, the plasma characteristic in the plasma sheet is contained within the bulge. However, there was a clear core field above the ambient field (Fig. 2d) within the observed magnetic structure Fr2. The electron fluxes from 100 eV to 4 keV (Fig. 2h) were enhanced within the Fr2. These measurements within the Fr2 are inconsistent with the flux bulge. Accompanying with the magnetic island Fr2, electric field component E y reversed also from negative to positive. This electric field component E y should be the convection electric field due to the earthward motion of magnetic island. According to the analysis above, we interpret that the magnetic structure Fr2 was created and centred between C2 and C1 and then moved earthward. Consequently, only C1 in the earthward side of C2 detected the flux rope while C2 did not observe any bipolar signature. Instead of the bipolar B z signature observed by C1, C2 observed a significant increase of B z and |B| at about −4 s since 10:07:04 UT (Fig. 3i and j) . The duration of the increase was about 5 seconds, approximately one proton gyration period. Such an increase should be directly related to the formation mechanism of the flux rope.
Discussions
Magnetic flux ropes/islands are generally embedded in and move together with high-speed flows in the magnetotail (Slavin et al., 2003; Nakamura et al., 2006; Lui et al., 2007; Wang et al., 2012) . The speed is roughly a few hundred of kilometres per second. By the Geotail observations in the near-tail, Slavin et al. (2003) figured out that most of the earthward moving flux ropes can be described as force-free flux ropes, i.e. J = αB, α is a constant quantity. Recent Cluster multi-point measurements found that the Lorentz force J × B around magnetic flux ropes is significant (Henderson Zong et al., 2007; Wang et al., 2010a, b) . Using the same method, Lui et al. found that x component of the Lorentz force directed earthward initially and then tailward while one flux rope was moving tailward (Lui et al., 2007) . In our event, the Lorentz force was estimated also. Figure 5a -d (e-h) show magnetic field vector in the LMN coordinates, the Lorentz force components in the GSM coordinates, and energetic electron fluxes around Fr1 (Fr2). The current density J was estimated from the magnetic field at the four satellites by the Curlometer technique (Chanteur and Harvey, 1998) whereas all the flux ropes were observed by single satellite. So, the two variables J and B did not match up very well when we calculated the Lorentz force around the flux ropes, which will cause relatively large errors of the estimated Lorentz force. During the interval (10:06:40-10:08:40 UT) that we are interested in, the four satellites just crossed the neutral sheet of the plasma sheet. So, the estimated current is basically the cross-tail current. C2 crossed the centre of Fr1 (B x ∼ −5 nT), therefore the Lorentz force around Fr1 is basically reliable and increased around it. The x component of the Lorentz force f x changed sign from negative (tailward) in the leading part to positive (earthward) in the trailing part around the Fr1. The average force in the leading part was smaller than that in the trailing part. Therefore, the integrated Lorentz force exerted on the whole Fr1 in x component was still directed earthward. Fr1 was observed in the earthward outflow jet and the plasma pressure gradient should direct earthward also, although the ion plasma data were unavailable at Fr1 observed by C2. So, the magnetic structure was accelerated towards Earth, which is in accordance to the calculation of the acceleration.
Recent numerical simulations suggest the spontaneous and transient magnetic reconnection could occur in the outflow region of the tail-like configuration produced by the initially primary X-line (Divin et al., 2007) . This kind of magnetic reconnection in the outflow region of primary reconnection X-line is called secondary reconnection ). In our event, the earthward moving magnetic island Fr2 was just observed by C1 in the earthward side of primary reconnection X-line whereas C2, closer to the primary X-line and situated in the central plasma sheet, did not detect it. The observation strongly indicates the occurrence of secondary reconnection in the outflow between C2 and C1. Consequently, a magnetic island would be created and centred between C2 and C1. While the secondary reconnection was proceeding, it will temporarily block the way of the earthward moving reconnected magnetic flux tubes from the primary reconnection X-line, which will result in a further pileup of B z and |B| in the tailward of the flux rope. Thus, the intensification of B z and |B| were observed at C2 tailward of the secondary reconnection, as shown in the bottom panel of Fig. 4 . As the continuing increase of B z and |B|, the secondary reconnection would cease and the resulted flux rope would move earthward. Hence, the duration of the B z enhancement (5 s) might be the period of the secondary reconnection.
From the electron differential energy fluxes in three (0 • , 90 • , 180 • ) directions shown in Fig. 3l , the fluxes parallel to magnetic field are higher than those in antiparallel and perpendicular directions within the flux ropes while, out of the flux ropes, the fluxes in parallel and antiparallel directions became nearly equal. The electron flow parallel to magnetic field at C1 is another evidence for the occurrence of secondary reconnection. Because of the secondary reconnection, electrons are energized and then move away along the magnetic field, as the red line with arrow in Fig. 4 . Additionally, although the fluxes in the perpendicular direction are significantly lower than other directions, they display a clear peak within the flux ropes. An apparent enhancement of electron fluxes at 90 • within flux ropes has been reported also by Retinò et al. (2008) . The relation between the energetic electron enhancement and the normal magnetic field (B z ) enhancement has been established (Imada et al., 2007; Wang et al., 2008) . Their acceleration mechanism remains to be understood. The whole ion diffusion region was moving tailward with a velocity of −56.5 km s −1 . So, the distance between the centre of Fr2 and the primary X-line could be roughly estimated by the velocity and the time delay. The distance was about 56.5 km s −1 × 280 s ≈ 38 c/ω pi (c/ω pi : ion inertial length, ∼ 416 km for N = 0.3 cm −3 ). That means the secondary reconnection could happen 38 c/ω pi earthward away from the primary reconnection.
After 40 s of Fr2, C1 in the central plasma sheet (B x ≈ 0 nT) observed the third flux rope Fr3 (Fig. 2b) . At this time, C2 was no longer in the central plasma sheet (B x ≈ 10 nT). So, we cannot confirm where the flux rope of Fr3 is created. However, the similar characteristic of the three flux ropes imply that they might be created by one same mechanism. In other words, the secondary reconnection could occur multiple times during single primary reconnection. It seems also that, in the process of primary reconnection, the location of secondary reconnection occurred farther and farther away from the primary reconnection X-line. The underlying reason is still unclear.
By multi-point simultaneous observations, we provide the first evidence of secondary reconnection here. Due to its transient nature, we know little about the secondary reconnection itself at present. More theoretical and experimental efforts are needed. After the birth, the earthward moving magnetic island is ejected toward Earth. Inevitably, it will decelerate due to the persistent increase of the pressure gradient force directed tailward. Nevertheless, how it evolves before it decelerates is still open. By multiple point simultaneous observations, we found that the magnetic island was being accelerated towards Earth at −19 R E in the magnetotail and the acceleration is about 9 km s −2 .
Summary
We analysed three asymmetric magnetic islands in the earthward outflow of primary reconnection X-line in detail. The birth of the island cannot be simply explained by the classic multiple reconnection X-line model. By Cluster multipoint simultaneous observations, we confirm that the scenario of spontaneous reconnection in the outflow of primary reconnection X-line is the candidate for the birth of magnetic island. The evidence of the occurrence of spontaneous reconnection is provided as well, e.g. the accelerated electron flow, the enhancement of magnetic field between two X-lines. Multiple asymmetric islands suggest the secondary reconnection might occur several times during single primary reconnection. Its location could extend as far as 38 c/ω pi and farther away from primary reconnection X-line. After the birth, the magnetic island was accelerated towards Earth at −19 R E , and the acceleration is about 9 km s −2 .
